The magnetization curves of tin and mercury cylinders were measured in transverse magnetic fields at a variety of temperatures in the superconducting range, and for various cylinder radii from 1*8 x lO -2 to 1-7 X 10-3 cm. As the cylinder radius was reduced the magnetization curve departed more and more from the simple form to be expected for an infinite cylinder of large radius, and The interm ediate state of superconductors
The interm ediate state of superconductors
I n t r o d u c t io n
If a magnetic field is applied perpendicular to the axis of a long superconducting cylinder of circular cross-section, it is well known th a t on account of the zero permeability of a superconductor, the field is distorted by the cylinder, and the field is in fact twice as great at the 'equator' of a cross-section as it would be in the absence of the cylinder. I t follows th a t at the equator the field reaches the critical value Hc for destruction of superconductivity when the applied field is only \H C, and for greater applied fields Peierls (1936) and F. London (1936) have shown th at the cylinder assumes a so-called intermediate state, which is a mixture of super conducting and normal phases. Experiments (de Haas, Voogd & Jonker 1934; Misener 1938) have shown, however, th at resistance reappeared in the cylinder not at \H C , but usually a t about 0-58 Hc. A possible cause of this discrepancy was first suggested by Landau (1943) who made a theoretical investigation of the structure of the intermediate state and showed that owing to the necessity of creating surface energy at the boundaries between superconducting and normal phases, the intermediate state would not form until a field rather higher than \H C had been applied. Landau's theory predicts th at this effect should become more marked as the cylinder diameter is reduced, and since most of the existing experimental data refer to cylinders of much the same diameter (about 0*2 mm.), a new experimental investigation seemed worth while. At the same time Landau's paper, though indicating clearly the nature of the theory, does not work it out in sufficient detail for comparison with the new experi mental results, so a more detailed theoretical investigation has also proved necessary.
All previous experiments on small-diameter cylinders have been limited to resist ance measurements, though in fact much useful information can be obtained from
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measurements of magnetization, which give a direct indication of the relative proportions of superconducting and normal phases. The present paper (I) describes the magnetization curves for thin tin and mercury cylinders at various temperatures and for various cylinder diameters; the results agree qualitatively with the theory and yield an estimate of the surface energy as a function of temperature. The second paper of this series, by E. R. Andrew (referred to as II), describes new resistance measurements which were carried out partly to clear up the contradictions of existing data and partly to investigate the correlation of resistance and magnetiza tion curves; in particular one experiment was made in which resistance and mag netization measurements were simultaneously taken on the same specimen, and which proved useful in the interpretation of the other resistance measurements.
The third paper of the series, also by E. R. Andrew (referred to as III), gives a detailed account of the developments of Landau's theory necessary for the discussion of the results of I and II. A preliminary account of some of the data in I and II was given a t the Physical Society Cambridge Conference in 1946 (Shoenberg 1947; Andrew 1947) , but some of the conclusions tentatively put for ward then have been considerably modified.
E x p e r i m e n t a l d e t a i l s (a) Method of measurement
The method of measuring magnetic moments has already been described (Shoen berg 1947; D6sirant & Shoenberg 1947 D6sirant & Shoenberg , 1948 ; the sensitivity was such th at the magnetization curves of superconducting specimens of volume from 0-5 x 10-3 to 0*5 x 10-2 c.c. could be accurately determined. A small correction for the magnetiza tion of the specimen mounting had to be applied; this was always estimated by measurements a t fields higher than Hc and never ex maximum magnetization of the superconductor. As will be explained below, the value of Hc cannot be deduced from the magnetization curves with the cylinder transverse to the field, and since it is important for the detailed comparison with theory, special measurements were made for some specimens with the cylinder parallel to the field. All temperatures quoted are deduced from the vapour pressure of the helium bath by means of the 1932 Leiden scale; the experimental error is unlikely to be greater than 0-005° K, though the scale itself may be in error by a greater amount.
(6) The specimens
The superconductors studied were spectroscopically pure mercury and tin (see table 1 ). For large diameters a single cylinder was used; the apparatus limited the permissible length to only about 8 mm. (when the cylinder was transverse to the field), and so the diameter could not exceed about 0-5 mm. without causing appreci able departure from the ideal case of an infinite cylinder. For smaller diameters two methods were used to obtain sufficient volume: (i) a row of cylinders was prepared spaced in such a way th at each cylinder had practically no magnetic effect on its neighbours, and (ii) a spiral of wire was wound with the turns suitably spaced so th at they had practically no magnetic effect on each other, and of a pitch such th a t the angle between the wire and the field did not differ tbo much from 90°. For one particular diameter, both such methods of construction were used (H 9 and H 2), and the experimental results showed th a t both kinds of specimen had similar magnetic properties.
Nearly all the cylinders and spirals were prepared by filling pyrex glass capillaries with liquid metal ; one of the tin specimens (S9), however, was made from extruded wire. In order to avoid large mechanical strains the spepimens were always slowly cooled to liquid nitrogen temperature before the final cooling to liquid helium temperature and no adhesive was used in the mounting of bare tin specimens except a t the ends. The capillary method cannot easily be extended to indefinitely small diameters, since for diameters less than 2 x 10-3 cm. a pressure greater than atm o spheric is required in filling to overcome the pressure due to surface tension. Details of all the specimens used are given, together with the experimental results, in table 1.
E x p e r i m e n t a l r e s u l t s (a) T in
The transition temperature of tin is about 3*72° K, and transverse magnetization curves were taken both with increasing and decreasing fields a t about 3*49, 3*00 and 2*13° K for each specimen. In a few cases measurements were made also a t 3*60° K, but it was found th a t the slight spread of transition temperature, due to slight inhomogeneities, caused 'tails' to the magnetization curves, which above 3*5° K were sufficiently pronounced to complicate the interpretation. Typical results are illustrated in figures 1 to 6 which show the magnetization curves for one specimen (S 9) a t all three temperatures, and for all the specimens a t one temperature (3*00° K ); one of the . curves (figure 1) is shown on a larger scale to bring out certain features more clearly. In each case the ordinate is -47r times the magnetization in gauss and the abscissa the applied field h in gauss. As will be explained below, the initial slope of the graph must always be close to 2 and this fact has been used to determine the magnetization in absolute units; it has also been used to make a more precise estimate of the specimen volume (and hence radius) than is possible by more direct means. In each diagram a theoretical curve has been fitted to the experimental points by a procedure which will be explained later.
In the case of S 9, measurements of resistance were simultaneously made by E. R. Andrew, and various features of these measurements are marked in the diagram (figure 1) which will be mentioned briefly below and discussed more fully in II. The results for the longitudinal magnetization curves (field parallel to the cylinder axis) are sufficiently illustrated by figure 7 plotted in the same way as the transverse curves, and figure 8 in which the ratio of -47t times magnetization to field is plotted against field; the method of deducing the critical field Hc is discussed later (p. 74). The appropriate values of Hc are marked in all the curves.
(6) Mercury The transition temperature of mercury is about 4*17° K, and transverse magnet ization curves were taken a t about 4*05, 3*97, 3*69 and 2*13°K for each specimen.
As for tin, no useful results could be obtained closer to the transition temperature. The transverse results are illustrated by figures 9 to 15 in the same way as those for tin, figure 9 being shown on a larger scale to illustrate the various features used in the interpretation of the measurements. Longitudinal measurements were made only with H 7 and are not illustrated, since they are similar in character to those for tin. The results are most conveniently discussed in two stages: first (a) pointing out the general features which are in qualitative agreement with the theory and also other features whose interpretation is more speculative, and secondly (b) showing how the results may be fitted in more detail to the theoretical predictions, thus determining the value of the surface energy between superconducting and normal phases.
M. Desirant and D. Shoenberg
(
a) General features
For a cylinder of large diameter (where surface energy effects are negligible) we should expect to find a transverse magnetization curve of the isosceles triangle form shown in figure 16 (see, for instance, Shoenberg 1938, Chapter 111), which we shall refer to as the 'bulk' curve. As shown in III, however, if the cylinder diameter is small, the theory predicts a somewhat modified curve, such as illustrated in figures 1 to 6 and 9 to 15, and shown by a broken line in figure 16 , and we shall first indicate how far the experimental results agree with the theoretical predictions as regards points of departure from the ' bulk ' curve. 
The main features are: (i)
Just as the theory predicts, the rising linear part of the magnetization curve continues well above \H e. In this region the cylinder is wholly superconducting, and as shown in figure 1 resistance appears only when there is an appreciable departure from linearity and very close to the point a t which the magnetization drops steeply. (ii) For most of the specimens there is a fairly definite field a t which the magnetization begins to drop steeply, and the drop is nearly vertical in the case of the extruded tin wire (S 9). The ratio p = hA)Hc and increases as the diameter is reduced for a given temperature, and as the tem perature is increased for a given diameter. These facts are in qualitative agreement with the theory if it is supposed th at the surface energy increases with temperature. The experimental values of p (making a somewhat arbitrary extrapolation of the kind shown in figure 9 when the experimental curve is rounded at the turn-over point) are collected in table 1. These values are not very accurate, especially for mercury, both owing to the uncertainty of the extrapolation and of the Hc values (see p. 74). Our values of p agree only roughly with those obtained by Andrew from resistance measurements (II) and in particular Andrew finds less temperature dependence of p than we do. Detailed examination of the results for S 9, where both M. Desirant and D. Shoenberg kinds of measurements were made simultaneously, shows, however, th at the values of hA agree very well with Andrew's h2 values and th at differences arise mainly in the assumed values of Hc.
(iii) The steep fall of magnetization is followed by a more gradual fall which is nearly linear, so that the initial drop somewhat resembles a horn on the magnetiza tion curve. As will be seen from figure 16, this feature is predicted by theory, though the ' horn ' is much less marked in the mercury curves than in those for tin. The cause of the difference between tin and mercury in this respect will be discussed later (see p. 78).
(iv) As already mentioned, the descending portion of the magnetization curve usually has a slight tail before the magnetization vanishes. The tail becomes rela tively more pronounced as the transition temperature is approached, and since its absolute width is roughly the same at all temperatures it is probably due to a slight spread of transition temperatures within the specimen. The same observations apply also to the longitudinal curves. The width of the tail depends on the specimen, but a typical width is 3 gauss, corresponding to a spread of order 0*02° K in transition temperatures. The specimen S 8, which was a single cylinder, had about three times smaller spread, suggesting that part of the larger spread in other specimens is due to differences between one cylinder and another, rather than to variations within a single cylinder. If the tail is ignored by extrapolating the almost linear portion of the descending curve to meet the axis at a field hD* (see figure 9) , it is found th at hD is always appreciably less than the critical field Hc deduced from longitudinal measurements, the ratio hD/Hc becoming smaller as the diameter is reduced or the temperature raised. These facts are again in qualitative agreement with theory. A useful characteristic for comparison with theory is obtained by extrapolating the almost linear descending portion (strictly speaking, the tangent to the curve at the point indicated in the footnote) backwards to meet the superconducting part of the curve at field hB (see figure 9) ; the ratio <r = hBjhD has a simple explicit form in the theory (see equation (4) below) and the observed values of cr for the various speci mens, together with the values of hB and hD are also given in table 1.
(v) So far we have discussed only the ' rising field ' curves, when the field has been raised monotonically from zero to above Hc. We now deal with the hysteresis features which arise when the field is reduced monotonically from above Hc to zero. In its initial stages the hysteresis seems to have the characteristics of a 'super cooling' (see, for instance, Shoenberg 1940) , for in the case of a single cylinder speci men (S 8, see figure 4 ) the magnetization rises quite discontinuously a t a field which is only roughly reproducible in repeated cycles. The discontinuity is shown as a sudden kick of the galvanometer if the field is very gradually lowered in the appro priate region. Where the specimen consists of several cylinders, separate discon tinuities occur; these could be followed in detail for H 7 and the number of dis continuities was approximately the same as the number of cylinders,f but when the number of cylinders is large it becomes difficult to separate discontinuities reliably and the curve appears to be continuous. In general the degree of supercooling is greatest for small diameters and high temperatures, but the effect varies a good deal even for similar specimens. For instance, with the mercury specimens the degree of supercooling was sometimes quite different if the mercury was melted between two cycles of magnetization.
When the field is further reduced beyond the discontinuity, the return curve often almost coincides with the original descending portion, but departs from it under the horn until it rejoins the rising field curve in the superconducting region with no further hysteresis. I t is probable that this behaviour (e.g. as in S 9) is characteristic of ideal conditions, but for specimens with great supercooling the descending portion of the original curve is never reached and the whole specimen becomes supercon ducting only at a low field (e.g. as in S 5). A further complication is th at often the return curve never quite rejoins the original curve, even in the superconducting region, and a small 'frozen-in' moment is left in zero field. This frozen-in moment * For reasons which are explained in III this extrapolation has actually been done by drawing a tangent to the curve at a point where -4 = 2 ( = $He), ip cases where the descending portion of the curve is appreciably curved.
is always small and roughly proportional to the critical field, so it is probably due to some geometrical defect in the cylinders (e.g. sharp ends) rather than to impurity (see Shoenberg 1937) . I t was noticed th a t the frozen-in moment was smaller if a field greater than Hc was switched off suddenly rather than gradually reduced, which suggests th at it may be partly associated with the way in which the supercooling is overcome. Whenever any appreciable frozen-in moment occurred the specimen was warmed above its transition temperature and recooled before the next magnet ization curve was measured.
Of the various hysteresis features the one most directly relevant to the theory is the fact th a t the return curve never retraces the steeply falling part of the rising field curve. This is consistent with the theoretical interpretation of the steeply falling part of the curve as an almost discontinuous transition from the super conducting to the intermediate state. We may suppose th a t when the field is reduced in this region the superconducting state is thermodynamically more stable than the intermediate state, but cannot be achieved until the field is further reduced because the normal regions are unable to disappear suddenly and must be 'squeezed o u t'. Similarly the theory suggests th at in the last part of the intermediate state region, the normal state should become thermodynamically more stable than the inter mediate state, but a discontinuous transition cannot be achieved because of the difficulty of squeezing out the superconducting regions; on reducing the field again, however, the normal state persists at least until the intermediate state is the more stable. Even then, however, a nucleus of superconducting phase is required for the transition to start, and so some supercooling can occur below the point where normal and intermediate states have equal free energies. The reproducibility of the horn part of the curve suggests that no analogous 'superheating' occurs in the transition from the superconducting to the intermediate state; this point is discussed further in III.
The intermediate state of I (6) Detailed comparison with theory
Two small corrections to allow for the experimental conditions have to be con sidered before the theory can be fitted to the experimental magnetization curves. First, our specimens are not exactly equivalent to the ideal infinite cylinder with which the theory deals, both on account of their finite length and 'of the mutual influence of the various cylinders within a specimen. A fair approximation is to treat the specimen as if it had a demagnetizing coefficient slightly less than the value ~2n characteristic of an infinite cylinder. The difference is easily estimated from the known geometry and is always small; its effect is to shear the magnetization curve slightly in the direction of higher fields, so th a t even if the specimen was( scaled up to make surface energy effects negligible, the value of p would not be exactly 0*5 but slightly higher. If this higher value is denoted by it is a good enough approximation to suppose th at the theoretically predicted magnetization curve for the appropriate cylinder radius is also sheared to the same extent, so th at the theoretical values of p or 0, for instance, become multiplied by 2/>bulk. Conversely the experimentally determined values of p or cr should be divided by 2/>bulk to give the values of po r < rt o be compared with theory; this correction has bee table 1. In working out the correct scale forin the experimental graphs (figures 1 to 6, 9 to 15) we have also made an allowance for the fact th at the penetra tion depth is not negligible; this means that even if /9bulk were exactly the initial linear rise would have a slope slightly less than 2. This effect amounts to about 1 or 2 % for the thinnest specimens a t the highest temperatures.
The second correction is usually very small and arises from the small magnetic field of the current in the coil used to compensate the magnetic moment of the specimen. This field is a t first proportional to the main applied field and then becomes progressively weaker as the magnetic moment falls. Since the effect of this field is again to cause a slight shear o f the magnetization curve (plotted against the main applied field alone), its effect is equivalent to a slight change in the effective demagnetizing coefficient of the specimen. I t is most simply dealt with by a slight adjustment in the values of Pimm deduced from the geometry this adjustment has been made in the values of /£ > bulk given in table 1.
In fitting theoretical curves to the experimental data it is essential to know the value of the critical field Hc. Since Hc at a given temperature varies slightly from one specimen to another, the use of published values by other authors is not accurate enough. In the case of tin, longitudinal measurements were therefore taken with the same specimens (in the case of S 9 some samples from the same piece of extruded wire were used). The value of Hc was determined as the field at which half the volume had returned to the normal state, i.e. the field at which the ratio of 47r times the magnetization to field in figure 8, had dropped to half the superconducting value. I t was found th at to a sufficient approximation the difference of Hc between different specimens a t the same temperature could be attributed to differences of transition temperature,* and so in the case of S 7 the critical fields were deduced from those of the other specimens by allowing for its slightly different transition temperature (in this case obtained by extrapolating the hD, T curve to zero All the Hc values and the assumed transition temperatures are given in table 1.
For mercury the complication arises that once the mercury has been allowed to melt, it is after the next freezing effectively a different specimen. Longitudinal measurements were taken on H 7, and the critical fields of H 7, H 8 and H 9 appro priate to the transverse experiments were deduced as explained above from estimates of the appropriate transition temperatures. Unfortunately the transition tem peratures could not be very accurately determined from the hD, T curves, and so the Hc values for mercury are not as reliable for mercury as for tin. The possible error in Hc is of course greatest a t the highest temperatures, and may be as much as 5 % a t 4*05° K and 1 % at 2*1 °K. In table 1 we have, in the case of mercury, inserted in brackets alternative values of He, and the corresponding assumed transition temperatures, which were found most suitable for fitting theoretical curves (see p. 77).
Comparison of the Hc values for both tin and mercury with those obtained by Andrew from resistance measurements, and other determinations (see II, table 1), * For S 5, the thinnest specimen, the measured values of He were about 1 % higher than those deduced by comparison with S 8 and S 9. This may be evidence of a genuine size dependence of He associated with the finite penetration depth.
shows th a t our values are on the whole about 1% higher, even a t low tem peratures (where possible differences in transition temperature are relatively unimportant). The cause of this discrepancy is not clear a t present, and requires further investigation.
We are now ready to apply the theory in detail. As explained in III, the theory predicts the transverse magnetization curve of an infinite cylinder of radius r in a complicated implicit form involving Hc and the parameter where
where A is the penetration depth of a magnetic field into the superconducting phase and a is the surface energy per unit area a t a boundary between superconducting and normal phases. Although the relation between magnetization and field cannot be expressed explicitly in terms of A ' / ra nd Hc, two features explicit expressions.
For reasons discussed in I I I (particularly the fact th a t resistance appears almost simultaneously with the first sharp drop of magnetization) it is likely th a t only a laminar structure need be considered for the intermediate state, and on this assump tion the theory predicts th a t p is given by
The theory also gives or explicitly as
There are thus three ways of estimating the value of A' from the experimental data, and so constructing the appropriate theoretical magnetization curve.
(i) We may use the experimental values of p.and compare them with equation (3). In figure 17 we have plotted the experimental values of p for tin against assuming th a t A' = 0*7 x 10-5cm. a t 2*1°K, l*0 x l 0-5cm. a t 3*00°K and 2*0 x 10-5cm. a t 3*49° K, and it will be seen th at the experimental points lie fairly well on a single curve, which is in fair agreement with the theoretical curve of equation (3), except for high A'/r. For mercury the experimental values of p are less accurate than for tin and this procedure gives only a rough indication of the value of A', suggesting th at it is of order 0*3 x 10-5 cm. a t 2* 1° K and several times larger a t 3-97° K.
(ii) If we plot <r against r~*, equation (4) predicts a linear graph a t any one tem perature, with a slope of 2-2A'*. This has been done in figure 18 for tin and similar graphs are obtained for mercury; though there is a considerable scatter of the experimental points, A' may be estimated roughly,, and we find for tin
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. I and A' = 2 0 x 10-5 cm. a t 21° K, 3-6 x 10"5 cm. a t 3-00° K 6*2 x 10_6cm. a t 3*49° K, and for mercury A' = 1*2 x 10-6cm. a t 2*1° K, 2*1 x 10-5cm. a t 3*69° K, 2*8 x 10-5cm. at 3*97° K and 2*1 x 10-5cm. a t 4*05° K.
These values are several times larger than those estimated from p, and we shall see why this is so directly. (iii) We ean attem pt by trial and error to choose a value <jf A' at each temperature which will produce theoretical magnetization curves for all the different specimens fitting the experimental data as well as possible. When this attem pt was made, a difficulty a t once became apparent in the form of a slight inherent discrepancy between theory and experiment. The theory predicts in fact th at whatever the value of A' (provided it is not too large), the magnetization curve when the whole of the specimen is in the intermediate state should pass through the point -4 = § h = § He,while the experimental curves nearly always pass appreciably above this point. I t is possible th a t this discrepancy arises from simplifying assumptions in the theory, but, whatever its interpretation, it is clear th a t the value of deduced from an experimental curve must always be higher than th a t corresponding to a theoretical curve in which the magnetization vanishes a t about the same field as in the experimental curve. A higher value of cr means, of course, a higher value of A' and so it is clear th a t the estimates of A' from give an upper limit.
In fitting the curves for tin. the values of Hc used were those obtained from longi tudinal measurements, but for mercury it was found th a t some slight adjustments of the Hc values shown in table 1 greatly improved the fitting. The adjustments amounted essentially to assuming th a t the transition temperatures were slightly different from those first chosen as explained on p. 74, and affected the high tem perature curves most; the adjusted values of Tc and Hc are shown in brackets in table 1 and since they do not differ from those first chosen by more than the likely errors we consider their use quite justified.
The sharp drop in the theoretical curves corresponds to the point where the free energy of the intermediate state becomes equal to th a t of the superconducting state and, as explained in III, this should really not be a vertical drop but more gradual. Owing to the difficulty of calculating the form of the curve in this region, the drop has been shown vertical in the fitted theoretical curves, but the more gradual fall found experimentally is qualitatively just what would be expected. The fact th a t the experimental curves usually pass above the point -4tn l = fi?t, h = § may also be due to the same inadequacy of the theory; if it were possible to calculate the form of the steep transition into the intermediate state properly it might turn out th a t the transition was not yet quite completed a t f so th a t the value of -47t/ should indeed be more than f
Hc.If this inad in mind, and it is remembered also th a t the theory probably breaks down in the region of transition from the intermediate to the normal state, it will be seen th a t the experimental points are in fair qualitative agreement with the theoretical curves.
Apart from the inherent approximations of the theory itself, another possible cause of the lack of detailed agreement may be anisotropy both of the surface energy a and the penetration depth A, and hence of A'. There is indeed experimental evidence th a t the penetration depth A is anisotropic (Laurmann & Shoenberg 1947) and there is no reason why a should not be anisotropic too. In this connexion the following rather speculative considerations may be mentioned.
(1) In the case of S 8, which is a single cylinder, there is a suggestion of two separate steep drops in magnetization near the top of each magnetization curve (see, for instance, figure 4). The specimen was examined by cracking off the glass wall and etching with acid, and proved to consist mainly of one large crystal and one smaller one with a different orientation. The experimental curves would thus be explained by supposing th at A' had different values for the two crystal orientations, and was larger for the larger of the two main crystals. A less marked effect of this kind occurs with H 7 too, but in this case no subsequent investigation could be made of the crystalline character of the specimen.
(2) The fact th at the mercury curves are more rounded a t the top than the tin ones may be due to the fact th at A' for mercury is more anisotropic than for tin (though there is no independent evidence for this). If there are many large crystals (assuming each capillary consists of only a few crystals) in a specimen and if they have widely varying values of A', this would result in a considerable smoothing out of the theoretical discontinuity for a single value. I t is perhaps significant th at the fall of magnetization is particularly steep in S 9 which is an extruded tin wire, and so presumably behaves practically isotropically.
The detailed working out of the implications of an anisotropic A' is complicated and need not be considered until new experimental data on single crystals is available.
M. Desirant and D. Shoenberg D i s c u s s i o n o f t h b A' v a l u e s
Owing to the inaccuracies of the p values given in table 1, and the uncertain interpretation of the cr values, it is likely that the most reliable estimates of A' are those obtained by the curve-fitting process. These values are collected in table 2. The fitting of theoretical curves is rather insensitive to the exact choice of A' values, but very sensitive to the assumed value of Hc, so the estimates shown in table 2 must be regarded as very rough, especially a t high temperatures (for instanoe, quite a small error in the assumed Hc values would bring A' for mercury a t 4*05° K below, instead of above, the value a t 3*97° K); it is unlikely, however, th at our estimates are wrong by more than a factor 2. In table 2 we show also the estimates of A' obtained by Andrew from resistance measurements (II). The numerical differences are not greater than can be accounted for by the errors of the two experiments, but Andrew's estimates do not Show such a marked temperature variation as ours. Since Andrew's figures are derived essentially from only one feature of the experi ment (the reappearance of resistance), while ours are based on the whole magnetiza tion curve, we are inclined to believe that the temperature variation may be really as marked as suggested by our measurements. ,--------1 --------, From our values of A' we may estimate A, using the values of A indicated by other experiments; for mercury the values of A given in table 2 are obtained from experi ments of Shoenberg (1940) and D6sirant & Shoenberg (1947) ; for tin only values of A(T) -A(2-1°K) are available (Pippard 1947; Laurmann & Shoenberg 1947 ), but A(2*1°K) can be estimated by extrapolation, using a plausible theoretical form of the temperature variation of A, and this procedure gives the figures in table 2. Adding A' and A we find the values of A given in table 2.
W ithout a proper theory of superconductivity no interpretation of these values of A can be given, b u t it is of interest to compare them with the values of /?, where P =%Tr(an -a 8)lH l,
and ocn and cc8 are the surface free energies per unit area between an insulator and normal and superconducting phases respectively. Only very indirect evidence about P is available from critical field measurements of thin films (Appleyard et al. 1939) . Ginsburg (1945) and Desirant & Shoenberg (1947 , 1948 offer somewhat different interpretations of this evidence, which produce the estimates of P shown in table 2, and it will be seen th a t though, as might be expected, A is of the same order of magnitude as /?, it is appreciably greater, so th a t oc>an -< x8.
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